DNA methylation, chromatin boundaries, and mechanisms of genomic imprinting.
In mammals, the maternal and paternal genomes are both required for normal embryonic and postnatal development. As a consequence, the majority of genes possess a bi-allelic pattern of expression, with the exception of certain loci where transcription is strictly dependent on parental origin. This alternative, termed genomic imprinting, is an epigenetic form of gene regulation that allows controlled expression of one parental allele. Experimental evidence supports the idea that chromatin organization, DNA methylation, replication timing, genomic domain organization, and more recently methylation-dependent boundary function are key components of imprinting mechanisms. Imprinted genes are mainly required during embryogenesis and development, but loss of controlled imprinting has direct consequences in carcinogenesis. For example, imprinted tumor suppressor genes and proto-oncogenes are highly susceptible to allelic inactivation or in contrast to activation that induces tumorigenic processes. Therefore, genomic imprinting represents one of the more challenging and interesting scientific and medical topics, and especially because a large combinatorial set of possibilities for gene regulation arises from the increasing number of imprinted loci identified.